Abstract Epstein-Barr virus (EBV) is known to be associated with the development of lymphomas in immunocompromised patients. Recently, age-related immune impairment has been recognized as a predisposing factor in the development of EBV-driven lymphoproliferative disorders (LPDs) in elderly patients without any known immunodeficiency or prior lymphoma. In approximately 70 % of reported cases, the affected sites have been extranodal, such as the skin, lung, tonsil and stomach. However, age-related EBV-associated B cell (EBV ? B cell) LPD is extremely rare in the oral cavity. Here we report a 71-year-old Japanese man who developed an EBV ? B cell LPD resembling classical Hodgkin lymphoma (CHL)-so-called polymorphous subtype-of the mandible. Histopathologically, infiltration of large atypical lymphoid cells including Hodgkin or Reed-Sternberg-like cells into granulation tissue with marked necrosis was found in the mandibular bone. Immunohistochemical analysis revealed that the large atypical Hodgkin or ReedSternberg-like cells were CD3-, CD15-, CD20?, CD30? and Epstein-Barr virus (EBV)-latent infection membrane protein-1 (LMP-1)?. In situ hybridization (ISH) demonstrated EBV-encoded small RNA (EBER) ? in numerous Hodgkin or Reed-Sternberg-like cells. EBNA-2 was detected by polymerase chain reaction (PCR) using an extract from the formalin-fixed, paraffin-embedded specimen. To our knowledge, this is the first reported case of the polymorphous subtype of age-related EBV ? B cell LPD affecting the mandible.
Introduction
Age-related Epstein-Barr virus-associated B cell lymphoproliferative disorder (EBV ? B cell -LPD) is a group of clinicopathologic entities, originally described by Oyama et al. [1] , that differs from immunodeficiency-associated LPDs in the World Health Organization (WHO) classification [2] , occurring predominantly in elderly patients and sharing features of EBV-positive (EBV?) B cell neoplasms seen in patients with immunologic impairment despite absence of any predisposing immunodeficiency [1, 3] . Agerelated EBV ? B cell LPD may be associated with immune senescence in the elderly, and is now incorporated into the 2008 WHO lymphoma classification as EBV-positive diffuse large B cell lymphoma (DLBCL) of the elderly [4] . This newly described disease is characterized by proliferation of atypical large B cells including Hodgkin and Reed-Sternberg-like cells with reactive inflammatory components, which may be diagnostically problematic for pathologists. Recently, Shimoyama et al. [5] have reported that age-related EBV ? B cell LPDs are divisible into three morphological types: polymorphous, large cell lymphoma, and reactive lymphoid hyperplasia subtypes, among which the polymorphous subtype is the most difficult to distinguish from EBV ? classic Hodgkin lymphoma (CHL) [5, 6] . Agerelated EBV ? B cell LPD occurs in patients over the age of 50 years (median age 71 years), and approximately 70 % of reported cases have involved extranodal sites, such as the skin, lung, tonsil and stomach [4] . However, to our knowledge, only four articles in English (two by the present authors' group) have reported age-related EBV ? B cell LPDs of the oral cavity in elderly patients [1, 7, 8, 10] . Previous studies of the relationship between EBV ? LPD in the oral cavity and age-associated immunosuppression in patients over 50 years old are listed in Table 1 . In fact, little is known about the clinicopathological features of extranodal EBV ? B cell LPD in oral sites in elderly patients. We report a rare case of age-related EBV ? B cell LPD of the polymorphous subtype, resembling classical Hodgkin lymphoma (CHL), arising in the mandible of an elderly Japanese patient.
Materials and Methods

Case Report
A 71-year-old Japanese man was referred to Hanyu General Hospital because of poor healing of a dental extraction wound in the left lower canine fossa. Intra-oral examination revealed a lesion that was not covered with mucosal epithelium. Although the surrounding mucosa had a normal color without ulceration or exposure of the alveolar bone, marked alveolar bone loss was found in the upper and lower jaws due to severe periodontitis (Fig. 1) . Extra-oral examination revealed no remarkable features, or any regional or generalized lymphadenopathy. Radiographic examination revealed a radiolucency with an ill-defined border (Fig. 2a) , and CT and 3D-CT demonstrated apparent ''moth-eaten'' osteolysis (Fig. 2b, c) . The results of blood tests were all within the normal ranges, except for HbA1 C (6.2 %), and human immunodeficiency virus (HIV) was negative. Review of clinical data and patient history did not disclose a known immunodeficiency or underlying tumor of the hematopoietic or lymphoid tissue. The clinical diagnosis was a suspected intra-osseous tumor, and biopsy of the gingival mucosa surrounding the post-extraction socket was performed. The pathologic diagnosis was inflammation, with no evidence of any atypical tumor cells in the biopsy specimen (data not shown). Despite treatment with antibiotics, no improvement of the intra-osseous lesion was observed. In view of the possibility of an intra-osseous tumor, at the patient's request the lesion was subsequently resected and curetted by 
Light Microscopy
The resected and curetted specimens were fixed in 10 % neutral buffered formalin, and embedded in paraffin wax after decalcification of the bone. Sections (about 5 lm thick) were stained routinely with hematoxylin-eosin (HE).
Immunohistochemistry
Deparaffinized sections were immersed in absolute methanol containing 0.3 % H 2 O 2 for 15 min at room temperature to block endogenous peroxidase activity. After washing, the sections were immersed in 0.01 M citrate buffer, pH 6.0, and heated in a microwave oven for 5 min at high voltage and then for 15 min at low voltage. They were then incubated with appropriately diluted mouse monoclonal antibodies against human CD3, CD4, CD8, CD15, CD20, CD79a, CD30, CD45RB (LCA), CD56, TdT, c-kit (CD117) and bcl-6 (Nichirei Co., Tokyo, Japan), CD45RO (UCHL-1), CD68, CD138, EBV-latent infection membrane protein-1 (EBV-LMP-1) and Ki-67 (Dako, A/S, Denmark). After washing, the sections were incubated with a pre-diluted anti-mouse or rabbit IgG antibody conjugated with peroxidase (Nichirei, Tokyo, Japan) for 30 min at room temperature. They were then immersed for 8 min in 0.05 % 3,3 0 -diaminobenzidine tetrahydrochloride (DAB) in 0.05 M Tris-HCl buffer (pH 8.5) containing 0.01 % H 2 O 2 , and counterstained with Mayer's haematoxylin for 90 s.
Immunoreactivities for CD15, CD20, CD30, CD45RB (LCA) and EBV-LMP-1 were used for differential diagnosis between classical Hodgkin lymphoma: CHL [CD15(?), CD20(±), CD30(?), CD45RB(-), LMP-1(±)] [1, 5, 7, 9] . However, anti-human EBNA-2 antibody for paraffin-embedded sections is currently not available commercially. Additionally, immunoreactivities for CD3, CD4, CD8, CD56, CD20, CD79a, CD138, CD68 and CD117 (c-kit) were also examined in infiltrating cells of the inflammatory backgrounds.
In situ Hybridization
In situ hybridization (ISH) with EBV-encoded small RNA(EBER) oligonucleotides was performed to test for the presence of EBV small RNA in formalin-fixed paraffinembedded sections using a hybridization kit (Dako, A/S, Denmark) in accordance with the manufacturer's instructions.
Polymerase Chain Reaction (PCR)
To demonstrate the presence of the EBV gene (EBNA-2) in surgical specimens, formalin-fixed, paraffin-embedded materials were subjected to polymerase chain reaction (PCR) analysis using a TaKaRa DEXPAT TM kit (TaKaRa, Japan) in accordance with the manufacturer's instructions. The primer designs and amplification programs are listed in Table 2 [10] . The Raji (EBV-positive Burkitt's lymphoma) cell line was used as a positive control, having been subcultured from material obtained from the Japan Health Sciences Foundation Health Science Research Resources Bank (HSRRB).
Results
Macroscopically, the surgical specimen showed granulomatous tissues with fragments of bone and tooth (data not shown). Microscopically, both extra- (Fig. 3a) and intraosseous (Fig. 3b) surgical specimens had associated necrosis, and a band-like rim of marked inflammatory cell infiltration was evident on the outer side (Fig. 3a) . The base of the necrotic lesion was rimmed by band-like infiltration of small lymphocytes (Fig. 3c) . There was marked lymphoid cell infiltration into the destroyed bonemarrow space with necrosis (Fig. 3d) . Granulomatous lesions with caseous-like necrosis were composed of palisade-like arrangements of epithelioid cells, and lymphocyte-based severe inflammatory cell infiltration with many atypical lymphoid cells in the extra-(data not shown) and intra-osseous areas (Fig. 3e) . The atypical lymphoid cells were localized in the granulomatous lesion in the extraosseous area (data not shown). In the intra-osseous area, on the other hand, large Hodgkin and Reed-Sternberg-like giant cells were found (Fig. 4a ). Small lymphocytes without atypia were seen in the area around the granulomatous lesion (data not shown). In the deepest portion of the involved bone marrow space, large atypical lymphoid cells were observed in a chronic inflammatory background (Fig. 4b) .
Immunohistochemical analysis revealed that many large atypical cells in the intra-osseous area were positive for CD20 (Fig. 5a), CD30 (Fig. 5b) , EBV-LMP-1 (Fig. 5c ) and Ki-67 (Fig. 5d) , and negative for CD3, CD15, CD8 and CD68 (data not shown). EBV-encoded small RNA (EBER) was detected in these cells mainly located at between areas of necrotic to necrotic foci by ISH (Fig. 5e) . Additionally, the large atypical lymphoid cells were negative for CD4, CD56, TdT, CD45RO (UCHL1), CD117 (c-kit) and bcl-6 (data not shown). The patient was diagnosed as having agerelated EBV ? B cell LPD.
Large EBV ? atypical lymphoid cells within hemorrhagic necrosis and granulomatous background were distributed in areas of perivascular- (Fig. 6a) or vascularinvasion (Fig. 6b) . These large atypical cells were positive for LMP-1 (Fig. 6c) , strongly positive for CD30 (Fig. 6d) , and positive for CD20 (Fig. 6e) . CD15-positive cells were distributed mainly in necrotic foci, and morphologically appeared small or intermediate in size (data not shown). Using PCR, EBNA-2 was detected in the extract from formalin-fixed paraffin-embedded sections of the surgical samples (extra-osseous and intra-osseous specimens). Raji cells were used as a positive control (Fig. 7) .
These histological as well as clinical findings indicated that the lesion was compatible with age-related EBV ? B cell LPD. Discussion EBV is associated with a variety of lymphoproliferative disorders and malignant lymphomas [2, [12] [13] [14] . EBV-driven B cell LPDs occur in immunosuppressed patients with primary immune deficiency, HIV infection, or post-transplantation, or who have received other treatments including methotrexate and tumor necrosis factor-a antagonists [1, 15] . Recently, a new group of EBV-associated B cell LPDs has been described in the elderly population (aged more than 50 years; median age 71 years) without any known immunodeficiency or prior lymphoma [1, 3-6, 8, 10, 16] , and has been given several different names in the literature, including ''senile EBV-associated B cell LPD'', ''age-related EBV ? B cell LPD'', ''EBV-associated B cell LPD of the elderly'', and ''EBV-positive diffuse large B cell lymphoma of the elderly'' [4] . Clinically, the disease is often extranodal, frequently involving the skin, lung, tonsil and lung (with or without simultaneous lymph node involvement) [4] . However, it is very rare in the oral cavity, and to our knowledge, only four articles in English (two from the authors' group) on age-related EBV ? B cell LPDs of the oral cavity have been published [1, 7, 8, 10] . However, the reported cases of primary oral age-related EBV ? B cell LPDs have usually involved intractable mucous ulcer [7] , and none have involved intra-osseous lesions of the mandible. Some of the reported age-related EBV ? B cell LPDs have arisen from, or involved bone at initial diagnosis, while the site of involvement for others was unknown [1, 5, 6] . Pathologically, age-related EBV ? B cell LPDs are characterized by proliferation of atypical large B cells including Hodgkin-or Reed-Sternberg-like giant cells, and there is some morphologic and metachronous overlap with classical Hodgkin lymphoma (CHL) and diffuse large B cell lymphoma (DLBCL) [4, 5, 17] . Furthermore, Shimoyama et al. [5] have reported that age-related EBV ? B cell LPDs are divisible into three morphological types: polymorphous, large cell lymphoma, and reactive lymphoid hyperplasia. Additionally, the polymorphous and large cell lymphoma subtypes may show large areas of geographic necrosis [1, 4, 10] and the histology is often variable from area to area, indicating a continuous spectrum between the two subtypes [4, 5] . The polymorphous subtype shows a broad range of B cell maturation and a variable component of reactive elements such as small lymphocytes, plasma cells, histiocytes and epithelioid cells [4, 5] ; their histological features are similar to those of EBV ? mucocutaneous ulcer, including age-related or methotrexate-related EBV ? B cell LPDs of the oral cavity [7, 11] . The most important pathological characteristics of age-related EBV ? B cell LPDs are, 1) a clinical predilection for older patients (aged [50 years) without any known immunodeficiency or prior lymphoma [4] , 2) morphological similarity to both Hodgkin-like lesion (polymorphous subtype) and DLBCL-like lesion (large-cell lymphoma subtype) with or without marked necrosis (typically, the presence of geographic necrosis), and 3) immunohistochemical positivity for CD20, CD79a, CD30 (variably), EBER (100 %), LMP-1(94 %) and EBNA-2 (28 %) in atypical large lymphoid cells, and negativity for CD15, CD10 and bcl-6 [4, 5] . Clinically, the present case involved an elderly patient (aged 71 years) without any known immunodeficiency or prior lymphoma, and showed morphological similarity to a Hodgkin-like lesion (polymorphous subtype) with marked necrosis. Immunohistochemically, the large atypical lymphoid cells were CD20(?), CD79a(±), CD30(?), EBER(?) and LMP-1(?), the non-necrotic foci were bcl-6 (-) and mostly CD15 (-) and additionally PCR using formalin-fixed paraffin-embedded tissue revealed EBNA-2 (?). Therefore, the pathological diagnosis in the present case seemed most compatible with age-related EBV ? B cell LPD.
The clinical course of age-related EBV ? B cell LPD is aggressive, with a median patient survival of about two years [3, 4, 17] . Patients with age-related EBV ? B cell LPD have a worse prognosis than those with EBV-negative DLBCL or EBV-positive classical Hodgkin lymphoma (CHL) of the elderly [3, 6] . Many patients with age-related EBV ? B cell LPD/EBV ? B cell lymphoma show a poor outcome in spite of chemo-radiotherapy [3, 4, 16, 18] , and patients with non-germinal center B cell-like DLBCL with EBER positivity have a particularly poor survival rate [18, 19] . In the oral cavity (Table 1) , age-related EBV ? B cell LPD show only a low rate of complete remission (33 %), and most cases show a course of relapse and spontaneous remission even with combined chemo-radiotherapy [7] . The presence of B symptoms and a patient age of [70 years appear to be reliable prognostic factors [3, 4] . In all cases of age-related EBV ? B cell LPD affecting the oral cavity, the age of the patients (Table 1) , including the present one has been more than 70 years (median age 77 years). On the other hand, in Western population, Dojcinov et al. [8] have recently reported that the 5-year survival rate of patients with reactive lymphoid hyperplasia (100 %) and polymorphic extranodal LPD (93 %) was higher than that of patients with polymorphic nodal LPD (57 %) and DLBCL (25 %). Moreover patients with EBV ? mucocutaneous ulcer showed extremely good 5-year survival (100 %) [8] . Although age-related EBV ? B cell LPDs associated with oral mucosal ulcer apparently have a good prognosis [8] , no previous clinical report has documented the prognosis of patients with lesions of the mandible. In the present case, it was unclear why the large atypical lymphoid cells that had infiltrated into the oral cavity became located in the alveolar part of the mandible after tooth extraction. The only limited information about the primary site in the present case being similar to another we have reported previously [11, 20] , was that the site of lymphoma/LPDs infiltration coincided with severe periodontitis in the oral cavity. In elderly patients, the onset of primary oral lymphoma/LPD may be related to chronic inflammation that has been regarded as ''periodontitis''. In fact, EBV has been reportedly detected in apical and marginal periodontitis [21] [22] [23] [24] [25] [26] [27] . Most EBV-related oral tumors involve the tongue and the parotid gland, but some are located in the periodontium [1, 7, 8, 10, 11, 20, 27] , as was the case in the present patient. Moreover, poor glycemic control (HbA1 C level C10 %) in patients with type 2 diabetes mellitus (DM) can increase the occurrence of EBV in shallow periodontal pockets [28] . The present patient with age-related EBV ? B cell LPD also had type 2 DM and severe chronic periodontitis, but the DM had been well controlled (HbA1 C level 6.2 %).
Primary EBV infection is usually asymptomatic, and the EBV then establishes latent infection in memory B cells, which do not permit viral replication [29] . Although newly infected naive B cells have the phenotypes of transformed cells, they are controlled by both EBV-specific cytotoxic T lymphocytes (CTL) and natural killer (NK) cells unless immunity is suppressed [29, 30] . In immunocompromised hosts, transformed cells become proliferating blasts that can result in symptomatic disease, such as immunodeficiency-associated LPD [2, 15, 29, 30] . The factor responsible for oral mucosal or intra-osseous involvement of primary lymphoma/LPDs is unclear, but there may be some association with bacteria in and around the teeth together with chronic inflammation such as apical and marginal periodontitis. The copy number of EBV-DNA in subgingival plaque is associated with the presence of some periodontal bacteria [31] . A recent study has shown that periodontal disease could act as a risk factor for HIV reactivation [32] , and similarly induce EBV re-activation [33] . Thus there may be a relationship between EBVinfected B cells and the presence of periodontal bacteria. More studies, including reports of cases in the oral cavity, will be needed to confirm the causal link between periodontitis and EBV ? LPDs in the oral cavity.
We have reported a case of extranodal age-related EBV ? B cell LPD showing a polymorphous subtype (Hodgkin-like features) and affecting the oral cavity. Very few such cases have been reported in the English literature [1, 7, 8, 10] . Although part of the aging process is thought to cause EBV ? B cell LPDs in elderly patients, little is known about the histological pattern and EBV reactivation mechanisms of the lesions in extranodal sites, including the oral cavity. It will be important to accumulate and evaluate further cases of extranodal age-related EBV ? B cell LPDs in oral cavity and examine their clinical correlates, as well as their immunohistochemical and genotypic characteristics.
